Materials and Methods
Unless otherwise stated, reactions were performed in flame-dried glassware under an argon or nitrogen atmosphere using dry, deoxygenated solvents. Solvents were dried by passage through an activated alumina column under argon. 1 ESI-APCI+), or obtained from Caltech mass spectrometry laboratory.
Reagents were purchased from Sigma-Aldrich, Acros Organics, Strem, or Alfa Aesar and used as received unless otherwise stated. Ligands (S)-L1, 2 (S)-L2, 3 (R,R)-L4, 4 and (R,R)-L5 5 and substrate 1a 6 were prepared by known methods.
List of Abbreviations:
ee -enantiomeric excess, SFC -supercritical fluid chromatography, TLC -thin-layer chromatography, TBME -tert-butyl methyl ether, IPA -isopropanol
General Procedure for Pd-Catalyzed Allylic Alkylation Reactions
In a nitrogen-filled glovebox, Pd 2 (pmdba) 3 (1.0 mol %, 2.2 mg) and (R,R)-L5 (2.4 mol %, 3.9 mg) were added to a 1 dram vial followed by 1.0 mL of TBME. The resulting mixture was stirred at 25 °C for 30 minutes at which time a solution of β-ketoester substrate (0.2 mmol) in 1.0 mL TBME was added. The vial was then sealed with a Teflon-lined cap and electrical tape, removed from the glovebox, and stirred at 25 °C for 12 h. The crude reaction mixture was filtered through Celite ® , and the Celite ® rinsed with Et 2 O. The crude product was purified by silica gel flash chromatography to provide the desired alkylation product.
(S)-3-allyl-3-benzyltetrahydro-4H-thiopyran-4-one (2a)
Purified by column chromatography (10% IPA, 2.5 mL/min, Chiralcel OJ-H column, λ = 210 nm, t R (min): minor = 5.16, major = 5.68.
(S)-3-allyl-3-(3-methylbut-2-en-1-yl)tetrahydro-4H-thiopyran-4-one (2e)
Purified by column chromatography (10% 
Ethyl (S)-2-(3-allyl-4-oxotetrahydro-2H-thiopyran-3-yl)acetate (2f)
Purified by column chromatography (20% mL/min, Chiralpak AD-H column, λ = 210 nm, t R (min): major = 5.66, minor = 7.67.
Ethyl (S)-2-((3-allyl-4-oxotetrahydro-2H-thiopyran-3-yl)methyl)acrylate (2g)
Purified by column chromatography (15% 
(S)-3-allyl-3-(4-methylbenzyl)tetrahydro-4H-thiopyran-4-one (2i)
General Procedure for Preparation of Thiopyranone β-Ketoesters Substrates
To an oven dried 20 mL vial was added NaH (3 mmol) and the vial evacuated and backfilled with argon three times. To the vial was added anhydrous DMF (1.0 mL), toluene (1.0 mL), and alkyl bromide (3 mmol) and the resulting suspension stirred for 5 minutes. A solution of S1 (2 mmol) in anhydrous toluene (1.0 mL) was then added dropwise over 10 min. Following the After diluting with Et 2 O, the reaction was quenched with 1.0 M HCl, and the layers separated.
The aqueous layer was extracted with Et 2 O, and the combined organic layers were washed with water then brine, and dried over Na 2 SO 4 . The resulting crude residue was then purified by silica gel flash chromatography to provide the desired product.
Allyl 3-methyl-4-oxotetrahydro-2H-thiopyran-3-carboxylate (1b)
Purified by column chromatography (15% 318.9827, found 318.9828.
Allyl 3-(3-methylbut-2-en-1-yl)-4-oxotetrahydro-2H-thiopyran-3-carboxylate (1e)
Allyl 3-(2-(ethoxycarbonyl)allyl)-4-oxotetrahydro-2H-thiopyran-3-carboxylate (1g)
Purified by column chromatography (20% Et 2 O in hexanes) to provide a white, waxy solid Gaussian, Inc., Wallingford, CT). Resultant harmonic frequencies were scaled by 0.98. All structurally unique conformers were Boltzmann weighted by relative free energy at 298.15 K.
The predicted IR and VCD frequencies and intensities were convolved using Lorentzian line shapes (γ = 4 cm -1 ) and summed using the respective Boltzmann weights to yield the final predicted IR and VCD spectra of the (S) enantiomer of 2a. The predicted VCD of the corresponding (R) enantiomer was generated by inversion of sign. From the excellent agreement between the predicted and measured IR and VCD spectra (see below) the absolute configuration of 2a was unambiguously established as (S).
